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(57) ABSTRACT 

A speed measuring apparatus including a transmitter for 
transmitting an acoustic reference Wave toWard a moving 
target, the acoustic reference Wave being generated based on 
a reference signal With a predetermined frequency. Also 
included is a receiver for receiving acoustic re?ection Waves 
Which are generated by the transmitted acoustic reference 
Wave being re?ected by the moving-target, for converting 
the acoustic re?ection Waves to receiver signals, and for 
outputting the receiver signals therefrom. Further, a signal 
attenuating unit for selectively attenuating a signal compo 
nent With the same frequency as the frequency of the 
reference signal in the receiver signals Which are output 
from the receiver and outputting signals therefrom and a 
band pass ?lter unit for selecting at least one Doppler signal 
component from the signals output from the signal attenu 
ating unit are included. Also included is a speed computing 
unit for computing the speed of the moving-target relative to 
the speed measuring apparatus, based on the Doppler signal 
component abstracted by the band pass ?lter unit. 

16 Claims, 16 Drawing Sheets 
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SPEED MEASURING APPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a speed measuring appa 
ratus for measuring the speed of a moving-target relative to 
the speed measuring apparatus, based on a frequency of a 
Doppler signal component selected from receiver signals 
corresponding to acoustic Waves re?ected from the moving 
target. 

2. Discussion of Background 
Conventionally, a speed measuring method of this kind is 

theoretically knoWn, Which can be conducted by the steps of 
transmitting toWard a moving-target an acoustic Wave gen 
erated based on a reference signal With a predetermined 
frequency, receiving an acoustic Wave re?ected by the 
moving-target, of Which frequency is changed from that of 
the transmitted acoustic Wave by the Doppler effect, and 
determining the speed of the moving-target based on a 
change in the frequency of the transmitted acoustic Wave. 

HoWever, in order to measure the speed of a moving 
target Which is small in siZe or is positioned far aWay from 
the observer, it Will be necessary to implement countermea 
sures of increasing the transmission level of the acoustic 
Wave Which is generated based on the reference signal, 
and/or increasing the ampli?cation degree of an acoustic 
Wave receiving circuit. 

HoWever, When such countermeasures are implemented, 
there is the risk that normal signal processing cannot be 
performed. This is because it may occur that an acoustic 
Wave With the same frequency as the frequency of the 
reference signal, Which has a greater level than that of the 
acoustic Wave re?ected by the moving-target, travels from a 
Wave transmitting unit and directly enters a Wave receiving 
unit by diffraction, or the Wave receiving unit receives 
re?ection Waves from ?xed objects, Which are positioned 
near the moving-target and are not subjected to the Doppler 
effect, Whereby signal processing circuits such as ampli?ers 
and/or mixers of the Wave receiving circuits are saturated. 

FIG. 12 is a block diagram of an example of a speed 
measuring apparatus that can be constructed based on the 
above-mentioned conventional speed measuring theory. 

FIG. 13 is a diagram in explanation of the dynamic 
ranges, namely the permissible input ranges, of a pre 
ampli?er and a mixer for use in the example shoWn in FIG. 
12. 

The example shoWn in FIG. 12 is provided With an 
ultrasonic Wave transmitting section 10 comprising a trans 
mitting unit 11, an ultrasonic Wave receiving section 20 
comprising a receiving unit 21, and a signal processing 
section 30. 

The ultrasonic Wave receiving section 20 further com 
prises a pre-ampli?er 22 and a mixer 23 in addition to the 
receiving unit 21. 
As shoWn in FIG. 13, When a voltage ampli?cation degree 

(gain) of the pre-ampli?er 22 is 200 times, a noise level of 
the mixer 23 is 2 mV, and a saturation level of each of the 
pre-ampli?er 22 and the mixer 23 is 1 V, the mixer 23 has 
a dynamic range (DRmix) of 2 mV to 1 V, and the pre 
ampli?er 22, vieWed from the side of the mixer 23, has a 
relative dynamic range (DRamp) of 10 pV to 5 mV. 
Therefore, a loWer limit of an input level of the pre-ampli?er 
22, by Which an ultrasonic Wave re?ected by a moving 
target and subjected to Doppler shift can be processed, is 10 
pV, While the permissible input level of the pre-ampli?er 22 
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2 
for the ultrasonic Waves Which travel from the transmitting 
unit 11 and directly enters the receiving unit 21 and for the 
ultrasonic Waves re?ected by ?xed objects is less than 5 mV. 

In this example, if a gain Gamp of the pre-ampli?er 22 is 
increased, for example, to 400 times, the permissible input 
level of the pre-ampli?er 22 is reduced to a half, that is, to 
less than 2.5 mV, so that it is necessary to implement some 
countermeasures, such as reducing the level of the ultrasonic 
Wave emitted from the transmitting unit 11 to a half, or 
reducing the direct entering of the ultrasonic Wave from the 
transmitting unit 11 to the receiving unit 21. Therefore, it is 
considered that it is extremely difficult to measure the speed 
of the moving-target Which is small in siZe or is positioned 
far aWay from the observer. 

Furthermore, in the case Where there are foreign objects 
near the moving-target of Which speed is to be measured, 
and the foreign objects are moving at different speeds from 
that of the moving-target, it is extremely dif?cult to measure 
only the speed of the moving-target, since Doppler-shifted 
acoustic Waves are re?ected not only by the moving-target, 
but also by the foreign objects. For instance, When the speed 
of a ball throWn by a pitcher in baseball is to be measured, 
a Doppler-shifted acoustic Wave is re?ected by the ball itself 
and various Doppler-shifted acoustic Waves are re?ected by 
various parts of the body of the pitcher, and those Doppler 
shifted acoustic Waves are mixed and received, so that it is 
extremely dif?cult to measure only the speed of the ball. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to provide 
a speed measuring apparatus Which is capable of measuring 
the speed of a moving-target relative to the speed measuring 
apparatus, Which moving-target is small in size and/or 
positioned far aWay from the measuring apparatus, even 
When an acoustic Wave transmitted by acoustic Wave trans 
mitting means of the speed measuring apparatus directly 
enters acoustic Wave receiving means by diffraction, or even 
When the acoustic Wave receiving means receives acoustic 
Waves re?ected by ?xed objects near the moving-target, 
Which speed measuring apparatus is also capable of selec 
tively measuring the speed of the moving-target even When 
near the moving-target there is a plurality of moving objects 
Which move at different speeds from the speed of the 
moving-target and different acousticWaves re?ected by the 
moving objects reach the speed measuring apparatus. 
The above object of the present invention can be achieved 

by a speed measuring apparatus comprising: 
transmitting means for transmitting an acoustic reference 
Wave toWard a moving-target, the acoustic reference 
Wave being generated based on a reference signal With 
a predetermined frequency; 

receiving means for receiving acoustic re?ection Waves 
Which are generated by the transmitted acoustic refer 
ence Wave being re?ected by the moving-target, con 
verting the acoustic re?ection Waves to receiver 
signals, and outputting the receiver signals therefrom; 

signal attenuating means for selectively attenuating a 
signal component With the same frequency as the 
frequency of the reference signal in the receiver signals 
Which are output from the receiving means and out 
putting signals therefrom; 

band pass ?lter means for abstracting at least one Doppler 
signal component from the signals output from the 
signal attenuating means; and 

speed computing means for computing the speed of the 
moving-target relative to the speed measuring 



US 6,272,071 B1 
3 

apparatus, based on the Doppler signal component 
abstracted by the band pass ?lter means. 

In the above-mentioned speed measuring apparatus, by 
use of the signal attenuating means, it is possible to selec 
tively attenuate the signal component With the same fre 
quency as the frequency of the reference signal, correspond 
ing to the acoustic Wave Which directly enters the receiving 
means from the transmitting means by diffraction, and/or the 
acoustic Waves re?ected by the ?xed objects near the 
moving-target. Therefore, the above-mentioned speed mea 
suring apparatus is capable of increasing the acoustic pres 
sure of the acoustic Wave transmitted by the transmitting 
means and the signal ampli?cation degree of the receiving 
means, and therefore is capable of measuring the speed of 
the moving-target Which is small in siZe and/or positioned 
far aWay from the speed measuring apparatus. 

Furthermore, in the above-mentioned speed measuring 
apparatus, by use of the band pass ?lter means, it is possible 
to selectively measure the speed of the moving-target even 
When near the moving-target there is a plurality of moving 
objects Which move at different speeds from the speed of the 
moving-target and different acoustic Waves re?ected by the 
moving objects reach the speed measuring apparatus, 
because the Doppler signal component of the acoustic Wave 
re?ected by the moving-target can be selectively abstracted 
by the band pass ?lter means. 

The above object of the present invention can also be 
achieved by a speed measuring apparatus comprising: 

transmitting means for transmitting an acoustic reference 
Wave toWard a moving-target, the acoustic reference 
Wave being generated based on a reference signal With 
a predetermined frequency; 

receiving means for receiving acoustic re?ection Waves 
Which are generated by the transmitted acoustic refer 
ence Wave being re?ected by the moving-target, con 
verting the acoustic re?ection Waves to receiver 
signals, and outputting the receiver signals; 

band pass ?lter means for abstracting at least one Doppler 
signal component from the receiver signals output from 
the receiving means; and 

speed computing means for computing the speed of the 
moving-target relative to the speed measuring 
apparatus, based on the Doppler signal component 
abstracted by the band pass ?lter means. 

In the above-mentioned speed measuring apparatus, by 
use of the band pass ?lter means, it is possible to selectively 
attenuate the signal components With the same frequency as 
the frequency of the reference signal, corresponding to the 
acoustic Wave Which directly enters the receiving means 
from the transmitting means by diffraction, and/or corre 
sponding to the acoustic Waves re?ected by the ?Xed objects 
near the moving-target. Furthermore, by use of the band pass 
?lter means, the Doppler signal component of the acoustic 
Wave re?ected by the moving-target can be selectively 
abstracted, even When near the moving-target there is a 
plurality of moving objects Which move at different speeds 
from the speed of the moving-target and different acoustic 
Waves re?ected by the moving objects reach the speed 
measuring apparatus, so that it is possible to increase the 
acoustic pressure of the acoustic Wave transmitted by the 
transmitting means and the signal ampli?cation degree of 
the receiving means and accordingly to selectively measure 
the speed of the moving-target even When the moving-target 
is small in siZe and/or positioned far aWay from the speed 
measuring apparatus. 

In any of the above-mentioned speed measuring 
apparatus, the band pass ?lter means may comprise at least 
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4 
one band pass ?lter Which selectively alloWs the Doppler 
signal component to pass therethrough. Alternatively, the 
band pass ?lter means may be constructed so as to comprise 
a plurality of such band pass ?lters Which are connected in 
parallel. 

In the above-mentioned speed measuring apparatus, since 
at least one Doppler signal can be selectively abstracted by 
use of the above-mentioned band pass ?lter means, the speed 
measuring apparatus is capable of selectively measuring the 
speed of the moving-target. 

Furthermore, When a plurality of the band pass ?lters is 
connected in parallel and the pass band of each band pass 
?lter is set narroW, it is eXpected that the S/N ratio and the 
measurement accuracy of the speed of the moving-target can 
be increased. 

In any of the above-mentioned speed measuring 
apparatus, the transmitting means may comprise (a) a trans 
mitting unit for transmitting the acoustic reference Wave 
toWard the moving-target, (b) a capacitor connected to the 
transmitting unit in parallel thereWith, and (c) an inductive 
impedance element, thereby constituting a serial resonance 
circuit, With an inductance of the inductive impedance 
element being set in such a manner that a resonance fre 
quency of the serial resonance circuit is equal to the fre 
quency of the reference signal. 

In the above-mentioned speed measuring apparatus, even 
When the capacitance of the transmitting unit varies depend 
ing upon the ambient conditions thereunder, the resonance 
frequency of the serial resonance circuit is dif?cult to vary, 
so that variations in the levels of signals applied to the 
transmitting unit are reduced. Accordingly, the variation in 
the acoustic pressure of the acoustic Wave transmitted by the 
transmitting unit, depending upon the ambient conditions 
thereunder, can be minimiZed. 
The above object of the present invention can also be 

achieved by a speed measuring apparatus comprising: 
transmitting means for transmitting an acoustic reference 
Wave toWard a moving-target, the acoustic reference 
Wave being generated based on a reference signal With 
a predetermined frequency; 

receiving means for receiving acoustic re?ection Waves 
Which are generated byt the transmitted acoustic refer 
ence Wave being re?ected by the moving-target, con 
verting the acoustic re?ection Waves to receiver 
signals, and outputting the receiver signals; 

analog-to-digital convert means for converting the 
receiver signals output from the receiving means to 
digital data, and outputting the digital data; and 

digital signal processing means for abstracting at least one 
Doppler signal component from the digital data output 
from the analog-to-digital convert means and comput 
ing the speed of the moving-target relative to the speed 
measuring apparatus, based on the Doppler signal 
component abstracted. 

In the above-mentioned speed measuring apparatus, the 
receiver signals output from the receiving means is con 
verted to digital data by the analog-to-digital convert means, 
and from the digital data output from the analog-to-digital 
convert means, at least one Doppler signal component is 
abstracted and the speed of the moving-target relative to the 
speed measuring apparatus is computed, based on the Dop 
pler signal component abstracted by the digital signal pro 
cessing means, in accordance With a program stored in the 
digital signal processing means, Which digital signal pro 
cessing means performs the same function as that of the 
signal attenuating means, the same function as that of the 
band pass ?lter means as Well as the same function as that 
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of the speed computing means as in the ?rst-mentioned 
speed measuring apparatus. 

Thus, the circuits for the speed measuring apparatus can 
be simpli?ed. Furthermore, by changing only the program 
stored in the digital signal processing means, for instance, 
the attenuating characteristics corresponding to the signal 
attenuating means, and the band pass ?ltering characteristics 
corresponding to the band pass ?lter means can be easily 
changed as desired. 

In the above-mentioned speed measuring apparatus, the 
transmitting means may comprise (a) a transmitting unit for 
transmitting the acoustic reference Wave toWard the moving 
target, (b) a capacitor connected to the transmitting unit in 
parallel thereWith, and (c) an inductive impedance element, 
thereby constituting a serial resonance circuit, With an 
inductance of the inductive impedance element being set in 
such a manner that a resonance frequency of the serial 
resonance circuit is equal to the frequency of the reference 
signal. 

In the above-mentioned speed measuring apparatus, even 
When the capacitance of the transmitting unit varies depend 
ing upon the ambient conditions thereunder, the resonance 
frequency of the serial resonance circuit is difficult to vary, 
so that variations in the levels of signals applied to the 
transmitting unit are reduced. Accordingly, the variation in 
the acoustic pressure of the acoustic Wave transmitted by the 
transmitting unit, depending upon the ambient conditions 
thereunder, can be minimiZed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A more complete appreciation of the invention and many 
of the attendant advantages thereof Will be readily obtained 
as the same becomes better understood by reference to the 
folloWing detailed description When considered in connec 
tion With the accompanying draWings, Wherein: 

FIG. 1 is a block diagram of a speed measuring apparatus 
No. 1 of the present invention. 

FIG. 2 is a diagram in explanation of the amplitudes 
(levels) of the signal components With frequencies of F0, Fi 
and Fd in points A, B, C and D in an ultrasonic Wave 
receiving section 20 in the speed measuring apparatus 
shoWn in FIG. 1. 

FIGS. 3(a) and 3(b) are diagrams in explanation of 
examples of the ultrasonic Wave transmitting section 10. 

FIG. 4 is a diagram in explanation of a further example of 
the ultrasonic Wave transmitting section 10. 

FIG. 5 is a block diagram of a speed measuring apparatus 
No. 2 of the present invention. 

FIG. 6(a) is a diagram in explanation of Wave forms of 
different Doppler-shifted re?ection Wave signal components 
Fi1 to Fi5 With different frequencies. 

FIG. 6(b) is a diagram in explanation of a combinded 
Wave form of the different Doppler-shifted re?ection Wave 
signal components Fi1 to Fi5 With different frequencies. 

FIG. 6(c) is a diagram in explanation of the ?lter char 
acteristics of a band pass ?lter group and input signals (Fo, 
Fi and Fd). 

FIG. 7 is a block diagram of another example of the speed 
measuring apparatus No. 2 of the present invention. 

FIG. 8 is a block diagram of a speed measuring apparatus 
No. 3 of the present invention. 

FIG. 9 is a block diagram of another example of the speed 
measuring apparatus No. 3 of the present invention. 

FIG. 10 is a block diagram of a speed measuring appa 
ratus No. 4 of the present invention. 
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6 
FIG. 11 is a block diagram of another example of the 

speed measuring apparatus No. 4 of the present invention. 
FIG. 12 is a block diagram of an example of a conven 

tional speed measuring apparatus. 
FIG. 13 is a diagram in explanation of the dynamic ranges 

of a pre-ampli?er and a mixer for use in the example shoWn 
in FIG. 12. 

FIG. 14 is a diagram in explanation of the frequency 
characteristics of the output signals from a notch ?lter. 

FIG. 15 is a block diagram of an example of a Wave 
receiving ampli?er Which is referred to as a Wave receiving 
ampli?er 20a. 

FIG. 16 is a block diagram of another example of the 
Wave receiving ampli?er Which is referred to as a Wave 
receiving ampli?er 20b. 

FIG. 17 is a block diagram of a band pass signal output 
portion 60a. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A speed measuring apparatus of the present invention Will 
noW be explained, Which is capable of measuring the speed 
of a moving-target, such as a ball used in base ball, relative 
to the measuring apparatus, utiliZing the Doppler effect of an 
ultrasonic Wave re?ected by the moving-target. 

Other features of this invention Will become apparent in 
the course of the folloWing description of exemplary 
embodiments, Which are given for illustration of the inven 
tion and are not intended to be limiting thereof. 

EXAMPLE 1 

FIG. 1 is a block diagram of a speed measuring apparatus 
No. 1 of the present invention, Which comprises an ultra 
sonic Wave transmitting section 10, an ultrasonic Wave 
receiving section 20, and a signal processing section 30. 
The ultrasonic Wave transmitting section 10 transmits an 

ultrasonic Wave generated in a transmitting unit 11, based on 
a reference signal With a predetermined frequency Fo, 
toWard a ball 50 that is approaching the speed measuring 
apparatus at a moving speed V. The ultrasonic Wave trans 
mitting section 10 comprises the transmitting unit 11 com 
prising an ultrasonic transducer Which converts an electric 
signal to an ultrasonic Wave, a reference oscillator 12 Which 
generates a reference signal With the predetermined fre 
quency F0, and an output ampli?er for amplifying the 
reference signal to such a level that is necessary for driving 
the transmitting unit 11 in operation. 
The above-mentioned ultrasonic Wave receiving section 

20 receives ultrasonic Waves re?ected by the above ball 50 
and converts the re?ected ultrasonic Waves to receiver 
signals and abstracts a Doppler signal component from the 
receiver signals. The ultrasonic Wave receiving section 20 
comprises a receiving unit 21 comprising, for instance, an 
ultrasonic transducer for converting the ultrasonic Waves to 
electric receiver signals, a pre-ampli?er 22 for amplifying 
the receiver signals output from the receiving unit 21, a 
mixer for mixing (a) the receiver signals containing a 
re?ection Wave signal component With a frequency Fi output 
from the ampli?er 22 and (b) the above-mentioned reference 
signal With the frequency F0, and a loW-pass ?lter 24 Which 
selectively alloWs the Doppler shift component (the differ 
ence betWeen the re?ection Wave signal components and the 
reference signal: Frequency Fd) from the signals output 
from the mixer 23. 
BetWeen the receiving unit 21 and the pre-ampli?er 22, 

there is interposed a notch ?lter 25 Which serves as a band 




















